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A > 

OS*, A&^ii$ci~6(Z>y;i/*;i/, i'ifeKiilt^y'j-;!/, 
2«&^u y 2 ^^: (2) Tgsnss, «&fco<w:MfiSi<B*8^3it^7 

U-U>«. ^^«fig| ; fob<«MMgl©^^D^2«$:^L, 5£ (2) * 
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[»#^4] m&miiz.nm<Dmft3MT$yit&mtfftytm\^mztix 
[0001] 

[0 0 0 2] 

T?&^£&AS?3&7fc*^T'&»J, ^«»3fcS£S*fclEft&£AbT**ie>tf?f 
[0 0 0 3] 

^©J:e»^iE Lm : ?'Kl$2^(D#>(7tf$>Z> a loll # > IdICJ: o T38 
^^tlfe^^m&^UL^m^M^^ie^jiilbTMVA^fe© (C. W. Ta 
ng, et al., J. Appl. Phys. , 65, 3610(1989)) , t> ? — ote, ^ft-feHi g # & 
HI^JBil Ltl^feti© (Mill Appl. Phys. 27, L269(1988)JC|B«S*lT V* 
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[0 0 0 5] 

tOt'^oT, yt£A3ft;M^«:$83fe»fc:e3r&»tB&^LTV*.6. 
[0 0 0 6] 

[0 0 0 7] 

Lfcfflftlt'PUl^. M*J£, N, N* -y7i-;i/-N, n* -^(3-^^;i/ 
7x3)-4, 4' -^'7 5;t^7i-;b (aT, TPDfclSffit5. ) #?R 
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££*ITV^ (Appl. Phys. Lett., 57, 6, 531(1990)) W % Z.(Dit&mi$M$c 
^'tt{C5.L<, ^©^J&ifJClSIffl^&ofc. *B#lfi5 0 4 7 6 8 7^ 
#®#fff&4 0 4 7 9 4 8#, #S#fFKl4 5 3 6 4 5 7 6 - 3 2 3 

0 7 ^<&fg, 4*M¥ 5 - 2 3 4 6 8 1 ^4fc#, 5-239455 #&$B, 

W8- 8 7 1 2 2^«fe«fcO s 4fg8¥8 - 2 5 9 9 4 0 #^fg(C < <D h 

[0 0 0 8] 

#P*g¥4 - 3 0 8 6 8 8#^fg, #fl¥6 - 1 9 7 2 #4*$Kfc J:tfAdv. Mater 
., 6, 677(1994) tCiB«£*lT Vx£, ^# £ & ©«3§J&* & BTX 

*-A*-Xh^£^LT^£7^>i£#tt, #i¥7-l 2 6 2 2 6 

7- 1 2 6 6 1 5 7 - 3 3 1 2 3 8 #4*$U #Hi§¥ 7-9 

7 3 5 5 # ^ 8 -4 8 6 5 6 8- 1 0 0 1 7 2 

, #ffi¥9 - 1 9 4 4 4 1 -^^^J3<fct>'J. Chem. Soc. , Chem. Comm., 2175, (1 
996) (CfE*£4xTV^'fb'£%tC£l>T%, ?|#§ft£«T*:BM#ifrT'&£ h ^ 5 ^ 
Mil&^<Z>#tt&#i*J#ofc©H:fcV^ Org. Lett., 1, 13, 2057(1999) 

[0 0 0 9] 

■t zm+mmm £<DJ®&<Dmm : b&z>t>\ jEnmmuns &&&& 
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Ut 3 ] 

A ' * 
Y 1 N 

Y 2 | 2 (1) 

Y 1 

A A 

2fiff3S&a*U Y 2 te5£ (2) T*^£*l£S, U < tt^StftOji'^Sil^T 

U-l/>H, ^^««^t;L<tt4sg^©^^n^2tf^$:^L, j£ (2) cf» 

-CH 2 -, -CH = CH-, -C = C~, -C (CH 3 ) 2 ~, -CO-, -O 
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(3) fafH (i) &\z&m<Dnft3mT syit&fywmftn&mtz&m'ZtiT^ 
2>z.£.ik!ftmzi-tz>. mm (2) m^mmommmRftytm*, 

(4) mm (i) mizmMnmftsMT^yit&mmytmiz&mznT^&zL 

mm (2) scsa^^^iim^^^o 

(5) ffffB (1) ^{CfB«(Z)^3^T^>fb^^iE?L^£AJ»^C^^4^TV^ 

zzttftmn-tz. mm (2) ^(ctH«©wii«#i§^^ 0 

06) f&IB (1) '^C|a«©««3JjRT^>fb^««^S4xTV^Cli:S:W« 

(7) mm (1) mizmMamwsMT^yit&Mtf^mznT^&ztzmm 

[0013] 

, n-^nW, n-^;i/, n-^S/;^ 7i-JK 
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, ^-x— ;b, K>y-7^-;i/, /<>!/ft7i-^ >r > Ku;i/fe«krjf>ry>r y 

[0014] 

;w f-y^yy, 7Mu>^^;k tf^y # i/> *M;k r>h5t^y>f^ 
;i/ <fc t>* s; /< y y y ^ y >y >f ji ta i£ £ & # M £ b t & if s £ # -e ^ & o * © ^ 

T% 1, 3-7i-l/>, 5-**yi/-l, 3-7xll/X 2, 

y, y^y-2, 5 -vj jus&tff-X'y xy- 2, 5 - Lvn„ 

[0 0 15] 

5£ (1) {Cfe^^>Y 2 (i, stjfB©^; (2) «&fcL<ttto«ift 

<Dm&n&T v - y y , * £ l < ^mmm®^ □ st^ 2 y , 

MMtitbf7i^;i/-4, 4' ->y>r;b, 3, 3' ->y*^;i/ifyxx;b- 
4/4' -sm;w 3, 5 -^y^^;btfyx-;b-4, 4' 3, 3' 

, 5, 5* h^j**yi/fcf y xx;b- 4 , 4' 3, 3' -i/^h^p 

"S/tfyx— ;i/-4, 4' -s;>r;b, 3, 5-^*^h^i/tf7i-;i/-4, 4' - 

3, 3' , 5, 5' -^h^* h^*/tryx-^/-4, 4' 
i/7i-;M^>-4, 4' y.^;i^y-4, 4* -sM;i/> j/7i 

— ^Tirf 1 by- 4 , 4' i/7iijn-fii-4 , 4' 

^yyy^yy-4, 4' w i-;^;i/7 w K- 4 , 4' 

, i/7i-;W^7*>-4, 4' -i/-f;i/, 1, 4-t7f l/>, 7Ml/> 

-1, 4-sm;ia 7>h7t>-i, 4--y-r;i/, y^y-2, 5-*M;i/, 
ft7i>-2, 5-y>r;i/, ^fy^yyy^y-i, 3 -^^feitFfi; 
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[2, 3 - b] ?-*7jLy- 2, 5 -SM^&Jfjb^tf&tlS. f IT, rtl^ 
(Dtpx% ^7i^-4, 4' -sm;w 3, 3' -s;**-;i/l^7x— ;i/-4, 
4* -sm;k ^7iiw^-4, 4' y7i37tf u>- 

4, 4' i/7i^l/I-f;i/-4, 4' *?7ii^7 

-f K-4, 4' -SM;i/, S^^ai— ;i/^;i/7*>-4, 4' -¥4)1. 1, 4- 

[0 0 16] 

fit, 5£ (1) ^&t>2tl&*ftm<Dn&3lRT $y{t&QB<D&#iM£.LX 
, TIH©^: (3) ~ (2 6) T-m33 4x*fb^*&#tf 
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[ftl6] 







(25) (26) 
[0 0 2 8] 

M/U£, ^ u) izmLrmm-t^n. a-nh- y 1 - nh-at^ 

>it&$S£ Y 2 X 2 (Xl£/M3>!f ) tSStlS^An 

sfyfcMtZU 1 1 ma n nSJS &£t>ffl t"<5 ^ i: (C J: o T&JSS JK. 
«rfc#i£T?&S. r©#&"ett, A-NH-Y 2 -NH-AT'i3Wi;7^ 

'fb^r%i:Y 1 x 2 (xiiBufBi:|BlC*^$:^-t a ) ^Sftss^nyv-ffcfci: 
& & 3 1t T *> «fc < , if *> 5: 31 # ttlgtJR- £ & S ^ 7 ^ > il n 4* > 

s> 7 ^ > -fb^% © - 13 <d n h m * um l t mikKfo & m &> s & a v> & -r n a 

[0 0 2 9] 

Ullman nSiStt. U ? A, h U ? A, h U # A 

#MV^*l«. S/SffiStt 1 6 0-2 5 0°CT*&£#, SJfctttf 
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X*2bV. z.<Dlsi$^;mxZbZ> e 

[0 0 3 0] 
[0 0 3 1 ] 
[0 0 3 2] 

©«« (kb&^i&s) rate, ±.u(nm^zmT ^yikism^m-tzmmm (a 

38*Wf*, «^A*t» : bL/<ttm : ?»jfS^J&if«:iE?LaA« v IE 

nmmm. &ytm. m*&Am&z^izm*nmm&zf£vxmmw:3MT5.y 
micmm-?z>z.£ibxgz>o 

[0 0 3 3] 

MtftWteM&tLXiZ. (1) iI/i^3i7 5>S/iS. (2) »«/ 

am 3 »7 s ym/#%m/vkm. ( 3 ) rag/am 3 sr'^ >M/#gftJi/« 
^y-SAS/i&ffi, (4) i»«/jE?L?iAM/ai«3s»r^ ym/ft%m/nf& 
xm/mm. c 5 ) 3^75 > jf/jETnijiis/^^s/m^aA® 
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/mm. (6) VlbM/iElfL&AM/MyK 3 WlT ^ Vl/tt^-ffiAS/ii^ E<D 

[0 0 3 4] 
[0 0 3 5] 

IMtLt, Au^i:MJI, Cul, -f yW2*5-y#3ri/ K (JKT. IT 
OhB&fB-rS) , Sn0 2 , Z nOfeiffiD^ttjSWMW^tf &tl*. 
[0 0 3 6] 

[0 0 3 7] 

n m~ 1 # m, ttb<}il 0~4 0 0 nmOlHJCl^StlS. ZKAi^&S 

alii, ±i&<DmMmMzmmLTmm^xrtv*vyy&¥<Dij8kru mmzm 
3 £ ic j; u amki- * h 

[0 0 3 8] 
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So 

[0 0 3 9] 

, hUTU-;bT^>fl#^ (TPD, 7?#^lfl3^7^>$:£§l 

w*M®Bcf#o3tf y v-, i, i-^(4-^-p-b'j;i/7^;7x^i/ 

)S/^n/\dr-9->, N, N' .-^7ai^;i/-N, N' - S?-*-7f-;b- 4 , 4'-*? 
7 3 J lf7x-;b (J^T, NPDi: B&SB"t"<5 0 ) , 4, 4' , 4" - h'JX (N 
- (3 -^f;V7i^;V) -N-7i-;i/7U) N U 7i-Jl/7^ J. Che 
m. Soc., Chem. Comm., 2175(1996) IC|B«£ flT V^fl:-^, #^BS 5 7 - 1 4 
4 5 5 8 #H8Hg 61-62038 #F^Hg 6 1 - 1 2 4 9 4 9f 

nmm 61-134354 nmm 6 1 - 1 3 4 3 5 5 %&m* m 

BBHS 61- 112164 #^fg, #i¥4 - 3 0 8 6-8 8 #B8¥ 6-3 

1 2 9 7 9 ^<im. 6-267658 ^<&fg, 4#B§¥ 7-90256 

#F$¥ 7 - 9 7 3 5 5 6 - 1 9 7 2 7-12 

6 2 2 6 ^&m. #F^¥ 7 - 1 2 6 6 1 5 7 -3 3 1 2 3 8^ 

#i¥8 - 1 0 0 1 7 2^«*fett#BB¥8 -4 8 6 5 6#^#lCf3^$ 
tlTV^ffc^ffc, Adv. Mater., 6, 677(1994) JC'gB* 3 ftTV**:** -A-* h 

(II) . 1392^- 2PB098JC|H«©*>©«!^-) , t7 # a */7->f§#ffc 

[0 0 4 0] 
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[0 0 4 1 ] 

m * fro mm iz & m $ n x ^ & <d % © <d ^ ^ frs <d & <d & l x m v ^ s z 

[0 0 4 2] 

z<D£?tem^fcmit&m<D#f&L^mt:Lx, V7 j ymm-fo (« 

30 (3) , 266 ( 1991 )& £*{CfB« ©&<?)) , ^Ul/>^#fls (J. A 
pply. Phys., 27, 269 (1988) ^CfB^©*©) **** V7 "J-Jl MUi^ (m 
fSlfcjifc, Jpn. J. Aplly. Phys., 27, L713(1988)) , Appl. Phys. Lett., 55, 1 
489(1989) te£lC.nZM<D : &e>) , ^yMMfa (#^¥4 --2 1 2 2 8 6f 

&fB&£&Cfa«tf>t><Z)) , h'J7!/-;i/iil$ (Jpn. J. Appl. Phys., 32, L91 
7(1993)& h*iCia«(Z)=fe;(Z)) , ^T^T^/-;i/Sl^ (f 4 3 mft&^^m 

(no piaoo7^ificiH«©t ) ©) , **isymmfov>±m$£W m^mm 
mm^mmmzzm^. 92(311), 43(1992)^ Eizmmv&v) , ^y=^itu> 

Uv- (Jpn. J. Appl. Phys., 33, L250(1994) & if iCfH«©%(Z)) 
[0 0 4 3] 

LTte, i*#^#llB «^«MB#W2/U-X" #«IB*m" , ^3iffi^(199 

i), 236^-viztmzftx^zj:?&M:ybigybtfm. nytm&m. u-if— fe 

[0 0-4 4] 

3D*>, F>t2iZ<D&>mi&&{t&yB. 
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&¥<D*V 37 3L-i>y?kik&m. i, 4 -ifx (2 -*^;i/X^U;u) ^>if 
>, i, (4 -*^;i/*^u;u) 1, 4-kfX (4-^i- 

5 -^^r+l-l/U;i/) ^>if >, 1, 4-a (5-7i-;i/-2-tHy 
U;i/) 2, (5-^-i/^'J--y^;i/-2-/<>X^-^r-9- 

y'J^) f^7i>, 1, 4 -tyyj^-Jl- 1 , 3-^*^^X>, 1, 6~i/7 
1 , 3, 5 -^\^r1f h 'Jx>, 1, 1, 4, 4-fh77i-;i/-l, 

3 s;x s/ >^ ymi/yf- v-z. 4#H€Bg6 3-26 

Ife**, MS^f^ 5 3 4 7 1 3#&*lCffi«©;4-*-fr$;>3Mfc^&, 0 0J& 

JS&S^W^&^iBm^&ft^^ 1146(1993) fCfH«CDX^-;i/^>il^#:, # 
W7- 2 7 8 5 3 7#^#BfH^©XlfO^-^%j3J:t) f #^4 - 3 6 3 8 9 1 

f#If#fil (2001) 17^-^fej:t>* "^aiEL^h^-r^^l/^" > 2/ 

-iA5/- (2ooi) , i7o^~^izmm^nx^^^a(Dv/uytun. 

[0 0 4 5] 

mtt<D&E;Kl&VXm&Mfcir&Z.£tfi'V£&ifi. If 2-5 0 0 0 nm 
[0 0 4 6] 

. ^^mm<DBmt^^m^mm^^xf^mm.^^iz^^m^^>t)K -mm 

tC, jK- hitia&S£5 0~4 0 0°C, 0" 6 ~1 0" 3 P a, flMI&gO . 
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0 1~5 0 nm/». gfaUlg.- 1 5 0 ~ + 3 0 0t, ^J? 5 n m~ 5 n m<£>^ 

m-zm'&mfe-t & z. t aw* l ^ s 

[0 0 4 7] 

*»W©««3J|Rr^ >ffc^»&M^T^tiE L^&^f^^© 

m±xmMikimi>fr%k. z.(Dmm±izm&3ffiT *yjt&W(DMmz&f&2i*: 

[0 0 4 8] 

+ > &«&-©ffif£fcLTWfln^fttf 1J±2~4 0 VgS^Mt^i:, 

-5 xSfE © « T? J: V ^ 0 
[0 0 4 9] 
[^»J] 

i 

Sf/fB©^; (3) -e^stisft^ift (^t, tacb ii^ta-re) 

N, N' -i;7i3-m-7i-b>i;7^0. 9 1g, 4, 4' -£?3 
-Klf7i-;b2. 8g, ffiil. 7.5 g, ^gftj&y *A7. 77g, 0. 19 
g© 1 8-^77>-6fcJ:tfo-i;i'Da'<>if>l 7 5ml Sr^^mcA 
*lT, S^#H^iT, 1 8 0°CT" 5B$|SI3S«&Lfcfl, N, N* -^7x^-;i/-m 
-7ill/>i/75>0. 9 1 g <fc o - n D i?> 1 7 5ml ©?£$[ 
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C (%) H (%) N (%) 

ffJS-ffi 87.77 5.41 6.82 

MMU 87.80 5.35 6.85 

[0 0 5 0] 
£S6« 1 

2 5 mmX 7 5 mmX 1 . 1 mm(Djf^?,&W.±lZ I T O £ 5 0 n m(Dff.^ IZ 

A&^nfe^>^X^>Sg^ffi^- h$:^*L/fe„ JC^WS: 1 x 1 0" 3 P a £ 
T'MffiU T.ACBA l JOlfM^- h &JD|»LT, Biff 5 0 n m&C&£ J; o IZ 

MUX, Mff5 0 nmlC&.g> ±3»CA LQ&^*bT38ft«&JgJ&Lfc. 
i&KttO. 1-0. 2nm/TOot *Mfc U 5 1 AA U ©sfUfM*' 

- h&flDj&LT, mmo. 5 nmtC&S J: 3 IC 0 . 0 0 3-0. 01nm/»® 

1 0 0 nmlCfc&J:^lC0,. 2 — 0. 5 n m/^©^^^*^ 5 £ fcJC J: 
LJS^-fc&fc. ITOttfSBi, »ftUf 9A/7^5=9ASi 
SrBSfliaiLT, *&3 .6 V©ilCS6eHES:SIiD"tSi:, j& 3 . 6 m A/ c m 2 CD«gfE 
«ISl±*& 1 0 0 c d /m 2 , 2.41 m/WT'tl 5 2 6 n m<D 
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m-fo&ffi i 5 o oisisi-e&ofc. i o o-ctc^L/T^ie^^M^^i^o 

[0 0 5 1 ] 
Jt^M l 

It, W.ffimj±m4 V ^»t5 i:ll4mA/c m 2 ©m82#8&*U 
0 0c d/m 2 , 383fc*Wl. 9 1 m/WT-feo^o *J«B 1 0 0 c d/m 
2 T^^*-e^m^^SgS&-t-5^^#^li^j9 6 OBSrHTf&ofc. 

, i o o'cizmmLfctzz. myttf%t>ti&< & 0 £ 0 

[0 0 5 2] 

^>SS»!i*M#-K ALQ&V*ftfc^U:7^>«iiS5|?JB3tf--K fc-ffcU^tf 

ywmmmtf- hzmmist-, ngwz 1 x 1 o~ 3 p a *t?«jeu tacba 

*J©j8*M3tf- h$:SD^LT, fl£J£4 0 n m&c&£ J; o \z T A C B ZMM LTIE 
?Li£AJS&7gf£U NPDAU hMtt, If 10n 

mfcfcS«fc3KNPD&&£l,TiE?L*m»fc^/ifc0fc. ALQA'J©! 
SSPMsK- ^»llt, flftgCS 0 nmlCfcS£3lCALQ£^*LT$8ftJI=£:7g 
*£L£ 0 JK±©?!S#j&K«0. 1~0. 2nm/TOofe, *<D&. mtV* 
CAAUCDIM^- h WU, mmo. 5 nm&C&6<i:e>iC0. 0 0 3- 
0. Olnm/^Olfjiltlil, #C^*C, T/K-^AA'JfflliM^- 
hMLT, J0EJ? 1 0 0 nmfC&3 J: e> fC 0. 2-0. 5nm/#0lfMT' 

7;K--?Ati$:iitbT, *&4 V©a:56*JEES:Sfin"rSfc, l!l3mA/c 
m 2 tf)Sgfc#$fs4l, mmitm 100cd/m 2 , 2.61 m/WT'S^ 5 

2 0 nm©»fi38JtS:#fe. 
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[0 0 5 3] 

bZmMLfc* X$i&lxlO" 3 PatT'i£EU TACBA'J©MM^- 
^MUt, 0 nmlC^S J:e>fCTACB $:^UTiE?L^'f4|g^ji 

£7B^L£ 0 #ac, 9, 9' -x^u^y^yjiXUyAV&MWmtf- bZM 
ibt, IJIsonmC^si^cg, 9* - x t? n k? u > h 

Tm*Mxkm*l&$L^r~ 0 &>±O>BMmmte0. 1~0. 2nm/#T*&o£ 0 
^0)$^ ^fbU^^AAU^^m^- ^MIT, M^O. 5nmiC&£J: 
e>(CO. 0 0 3 — 0. 0 1 nm/®(DMM7&mvMML. #C^T*T;i/^ AA 
h^bT, MJ?1 0 0 nm&C&£<J:3&C0. 2-0. 5 n m/ 

I^4 3 0 nm(Z)ffe|g)t5:#fe o 
[0 0 5 4] 
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